A comparison was undertaken of the sorption response of oxycellulose and initial linters, i.e. the short fibres that adhere to cotton seed after ginning, towards Fe 2+ , Ca 2+ and Cd 2+ ions in fibrous slurries. The exceptional adsorption capability of oxycellulose towards metal ions (particularly Cd 2+ ions) was confirmed. However, such adsorption processes are quite complicated and are influenced by the solubility of oxycellulose, its composition and the character of the components released into the supernatant, as well as by the presence of other competitive substances and ions in the aqueous solution. The adsorption capacity of oxycellulose increases with increasing -COOH group content and is distinctly increased by the presence of other competitive ions in the aqueous solution. Most probably, this enhanced adsorption capacity of the support bears some analogy to the superficial aggregation (flocculation) induced by the presence of foreign substances.
INTRODUCTION
The surface properties and interactions of cellulose and its derivatives are of great interest in a wide variety of applications including paper, textiles and pharmaceutical products. In many applications, cellulose products are in contact with aqueous solutions or humid environments. In these cases, the formation of active groups, e.g. carboxylic groups, controls the adsorption phenomena at the polymer/solution interface, such as occurs in paper manufacture and recycling, sorption filtration (Filipi 2008) , and in textile production or washing. The adsorption characteristics of polysaccharides, cellulose and its derivatives (including oxycellulose) relative to cations, particularly heavy metal cations (Burke et al. 2004) , have drawn more and more attention recently. Such knowledge is important in water treatment and purification as well as from the medical point of view, especially since the Fe 2+ ion plays an important role in the metabolism of animals and humans (Burke et al. 2004; Yurkshtovich et al. 2004; Salioba et al. 2002; Schmidt 2003) .
Natural cellulose and oxycellulose in the wet state are highly hydrated heterogeneous substances (hydrogels with various space concentrations). In their purest form they have the same chemical composition, although the sizes of the molecules differ as well as the organization of their -COOH groups into complex supramolecular structures. Moreover, oxycellulose prepared from natural cellulose retains its hypermolecular structure with a complex cell-wall morphology to a limited extent. Numerous new applications of oxycellulose have taken advantage of its biocompatibility as well as the formation of easily degradable cellulose composites with synthetic polymers and biopolymers.
The overall adsorption process is quite complex since several parallel reactions occur:
-the adsorption itself, which involves the reaction of the superficial groups on the sorbent surface with the sorbing substances in the interface of highly hydrated cellulose fibres; -the direct reaction of the sorbing substances with molecules and microgels, i.e. dissolved particles of cellulose, in the solution.
These competing interactions complicate the overall adsorption process and influence its final course.
The overall adsorption process also depends on the composition and properties of the cellulose employed. For example, oxycellulose contains a large amount of high-molecular poly(1,4-8-β-Danhydroglucuronic acid) (PAGA) with a high degree of polymerization, DP, containing a large number of -COOH groups whose ionization in aqueous solution is limited. The resulting adsorption isotherm has a typical shape, showing an approximately linear initial phase followed by a sharp increase. In contrast, an oxycellulose with the same composition and level of substitution, but with a low DP and a high polydispersity characterized by a high solubility, displays an adsorption isotherm with a sigmoidal shape possessing a longer initial phase followed by a smaller slope and a consequent smaller adsorption capacity (Milichovský 2002) . This implies that under comparable conditions, viz. the same affinity and sorbate molecular concentration at its interface and in the surrounding solution, reactions in solution would be preferred, since such reactions occur more readily and uniformly especially when intensive stirring is applied. Only after the depletion of the number of sorbate molecules in solution does a proper adsorption process occur. The slope of the overall adsorption isotherm depends on the solubility of the oxycellulose particles, which exhibit a different affinity towards sorbate molecules and the hydrated nano-particles of the sorbing substances. If particles with a high affinity towards the sorbing substances are released into the solution, then the slope of the adsorption isotherm will be slight and vice-versa.
However, an even more complication situation arises regarding the height of the adsorption isotherm which defines the adsorption capacity of the sorbent. This depends not only on the affinity of the sorbent towards the molecules and nano-particles of the sorbing substances, but also mainly on the concentration and accessibility of the adsorption centres. More spongy structures, developed by erosion of the originally compact hydrogel substances of cellulose in the amorphous and even more oriented crystalline regions, exhibit a higher adsorption capacity and an ability to induce associated interactions leading to superficial flocculation (Milichovský and Č ešek 2002) . Hence, if fractions with a high affinity towards sorbing substances are leached from the oxycellullose, provided that the remaining available sorption centres are of high concentration or have a high ability to induce the superficial flocculation of nano-particles, then the overall adsorption capacity of oxycellulose will remain high. In contrast, if the majority of the affinity fractions, including fractions with a comparable or slightly lower affinity towards adsorbable molecules and nano-particles, are released from the oxycellulose into solution leaving only a small amount of available fractions with a high affinity behind, then the overall adsorption isotherm will exhibit a steep slope but a low adsorption capacity.
The main objective of the present work was to study the adsorption characteristics of various oxycelluloses in relation to the adsorption of Fe 2+ ions, with some attention being paid also to their adsorption behaviour towards Ca 2+ and Cd 2+ ions. In addition, the behaviour of the oxycelluloses towards other ions in a competitive environment was examined.
THEORETICAL DESCRIPTION OF THE SORPTION PROPERTIES OF OXY-CELLULOSES IN ADMIXTURE WITH OTHER SOLUBLE SUBSTANCES
The adsorption isotherms derived when competition with other ions, substances, etc. occurs in the system are a common feature in the study of sorption processes under practical conditions. Theoretically, it is possible to demonstrate such behaviour in the following manner.
Let us assume that there are substances (e.g. ions) A 1 , A 2 , A 3 ,..., A i present in aqueous solution. Their sorption interactions (adsorption and desorption) with the superficial layers of a pulp B can then be described as follows:
or, in general where k ai , k di are the rate constants for the adsorption and desorption of the ith substance.
Provided that the concentration and stoichiometry of the active centres situated on the pulp (cellulose) surface are the same for all the sorbing components, it is possible to introduce the following concepts: The total concentration of each ith component is c ci = c ai + c i . Furthermore, we define the adsorption parameters k a1 /k d1 = ω 1 , k a2 /k d2 = ω 2 , k ai /k di = ω i which characterize the adsorption affinity of a particular component towards the pulp (cellulose). The greater the value ω i , the greater is the sorption affinity (selectivity) of the ith substance towards the pulp (cellulose).
When dynamic equilibrium occurs between the adsorption and desorption processes of the ith substance in a competitive environment, we may write:
Division by k di and further mathematical re-arrangement of equations (1a) and (1b) leads to the adsorption formula (2) which allows the calculation of the adsorption isotherm for the ith component in the following form:
The adsorption of all n components of a mixture onto pulp (cellulose), c a , can be described by the following formula: (2) and (3), in the presence of ambient competitive (n -1)th substances whose concentrations do not change, the adsorption of the ith substance under the abovementioned circumstances may be described by equation (2). The adsorption isotherm of such a component will be S-shaped whose position shifts to the right as the concentrations of other competitive adsorbing components increase -see representation in Figure 1 . However, when the amounts of these common components increase, the maximum amount of the ith component adsorbed decreases since .
Hence, the adsorption isotherm does not commence at zero equilibrium concentration of the ith component in a solution of concentration c i , but at the concentration c i = c io where the occupation of less acceptable sites still not occupied preferentially by other components commences, the most acceptable sites being already blocked by competitive attendant components. At zero equilibrium concentration of the ith substance, the following relationship derived from equation (2) applies (see also Figure 1 ):
In contrast, when the ith component exhibits a high affinity inclusive selectivity towards the pulp, i.e. ω i >> 1, with increasing concentration or increasing equilibrium concentration of this component in the solution c i , the adsorption isotherm acquires a greater and greater ascendant character. 
EXPERIMENTAL Chemicals
The native cellulose used was commercial cotton linter. Samples of the oxycelluloses were prepared by nitroxide-mediated oxidation of such linters and bleached MgBi-sulphite wood pulp as obtained from Synthesia, Pardubice-Semtin, Czech Republic (see data listed in Table 1 ). Hydroxylamine hydrochloride, 1,10-phenanthroline, murexide and dithizone were provided by Aldrich Advancing Science.
Preparation of oxycellulose suspensions
Suspensions of the oxycelluloses as well as the cotton linters were prepared by dissolving 20 g of the air-dried oxycellulose in 1 ᐉ of distilled water, followed by separation of the fibres by stirring. However, before such stirring, samples 5 and 7 of the linters were refined in order to obtain improved homogenization of the fibrous suspension. Such refining of oxycelluloses and linters was carried out in 250 mᐉ and 500 mᐉ volumes of distilled water, respectively. Refining of the oxycelluloses was undertaken employing a laboratory blender using two velocity stages, the first for 4 min and the second for 30 s. Refining of the cotton linters took ca. 45 min, using the second and, ultimately, a third velocity stage. The temperature of the refined oxycellulose suspensions was controlled so that it did not exceed 70ºC, as higher temperatures lead to oxycellulose degradation. A graduated vessel containing an excess of distilled water was used to control the refining of a sufficient amount of fibres. Thus, a small amount of defibrillated oxycellulose or linters was withdrawn and placed in the graduated vessel. The suspension was then shaken and the quality of the defibrillation estimated. The refining process was continued until no large aggregates of fibres were observed in the vessel. Since the temperature of the prepared suspension increased during the refining process, in some cases the suspension was cooled down and maintained in a cabinet in order to equilibrate its temperature to that of the cabinet. When this temperature had been attained, further measurements were then taken.
Subsequent to adding the oxycelluloses to water, the resulting suspensions were maintained for at least 0.5 h, both to attain equilibrium and to avoid further dissolution. Such dissolution changes the consistence of the fibrous suspension. The compositions and properties of the oxycelluloses studied are summarized in Table 1 . Such data were acquired via viscosimetric methods and through the use of UV-vis spectroscopy as described in the literature (Milichovsky and Milichovska 2008) .
Adsorption experiments
For such experiments, 50 mᐉ of the oxycellulose suspension was withdrawn during continuous stirring and a 10 mᐉ volume of a standard solution of ions added to it. The mixture was vigorously stirred with a glass stirrer (300 rpm) for a period of 1 min followed by 5 min at room temperature (20 ± 1ºC). The suspension thus prepared was then filtered through a fritted glass S 2 filter and the separated solid dried at 70ºC. The amount of ions remaining in the filtrate was determined spectrophotometrically (Malát 1973) .
Spectrophotometric determination of Fe 2+ ions
After the reduction of Fe 3+ to Fe 2+ by hydroxylamine hydrochloride, the Fe 2+ ions can be complexed with 1,10-phenanthroline (phen) to give Fe(phen) 3 (ferroin) which is red in colour. This colour shows almost permanent stability, with its intensity being independent of pH within the range 2-9 [ε 505 nm = 11000 dm 3 /(mol cm)]. However, a large number of ions interfere with the determination, producing either precipitates or colour adducts with the basic components of the system (Malát 1973) .
A calibration graph was constructed by pipetting 2, 4, 6, 8, 10, 12, 14, 16, 18 or 20 mᐉ of a standard solution of Fe 2+ ions into a 50 mᐉ graduated flask and adjusting the pH of the solution by adding 6.5 mᐉ of CH 3 COONa, 3.5 mᐉ of CH 3 COOH and 2 mᐉ of hydroxylamine to the contents. In addition, 5 mᐉ of the 1,10-phenanthroline solution was added. Thus, 1 mᐉ of the resulting solution contained 39.4 µg Fe 2+ ions. Measurements were conducted at a wavelength of 512 nm versus a reference solution (the above solution without added Fe 2+ ions) (Malát 1973) .
Spectrophotometric determination of Ca 2+ ions
Determination of the Ca 2+ ion concentration in the filtrate was carried out spectrophotometrically with murexide (the ammonium salt of fuchsinic acid) at a pH value of 11.3 and a wavelength, λ, of 505 nm (Malát 1973) .
Murexide creates a red-coloured chelate with Ca 2+ ions. The colour intensity of this chelate increases with increasing pH of the solution. The colour reaction is most sensitive at a pH value of 11.3. However, with increasing sensitivity, the colour stability of the complex diminishes. Thus, 5 mᐉ of reagent was added to a solution containing, at a maximum, 50 mᐉ of Ca 2+ ions. The latter solution was then titrated with a 1.5 M NaOH solution until a pH value of 11.3 was attained. The blank solution and the standards were prepared using the same procedure. All measurements were performed at a wavelength of 505 nm versus a reference solution (the above solution without added Ca 2+ ions). The procedure employed was the same as that describe above. The stock Ca 2+ ion solution was prepared by dissolving 0.2497 g of highly pure calcite in 10 mᐉ of a 1 M HCl solution and making up to 1 ᐉ volume by the addition of distilled water. Thus, 1 mᐉ of the solution contained 100 µg Ca 2+ ions. A 0.016% solution of murexide was prepared by dissolving 40 mg of the substance in 75 mᐉ of distilled water and making up to 250 mᐉ volume by the addition of absolute ethanol. A new solution was prepared each day.
Spectrophotometric determination of Cd 2+ ions
The concentration of Cd 2+ ions in the filtrate was determined spectrophotometrically versus a reference solution (a similar solution without added Cd 2+ ions) at a wavelength, λ, of 515 nm, employing the dithizone extract (using a 0.005% solution of dithizone in chloroform) of the alkaline solution (obtained by the addition of a 10% NaOH solution at a 1:1 ratio) (Malát 1973) .
The procedure employed was the same as that describe above. The stock Cd 2+ ion solution was prepared by dissolving 0.1 g of Cd(NO 3 ) 2 in HCl and making up to a volume of 1 ᐉ by the addition of distilled water. Thus, 1 mᐉ of the solution contained 61.32 µg Cd 2+ ions.
Spectrophotometric determination of Ca 2+ and Fe 2+ ions in a mixture
In practice, the composition of wastewater normally corresponds to that of a mixture of dilute salt solutions of various kinds. 
RESULTS AND DISCUSSION

Adsorption of Fe 2+ ions in the form of ferroin onto oxycelluloses in distilled water
Data arising from experiments concerning the adsorption of Fe 2+ ions in the form of ferroin onto oxycelluloses from distilled water are depicted in Figure 2 , which summarizes all the adsorption isotherms of ferroin onto oxycellulose and cellulose. It will be seen that although all these isotherms are sigmoidal in shape, they vary in size, elongation of the initial phase and slope. More precisely, in mathematical terms, the derivative forms of these isotherms exhibit peaks of various heights corresponding to the inflection point of the isotherm, the various widths characterizing the slope of the adsorption isotherm at its inflection point. Thus, the broader the peak, the more "extended" is the S-shaped isotherm.
What creates such an isotherm shape? It is quite logical that the height of the sorption curve and its slope at the inflection point are determined by the adsorption capacity of the sorbent, as well as by the affinity of the sorbate towards the sorbent surface. In addition, the initial linear section of these isotherms is interesting, because it changes according to the oxycellulose employed. From a comparison of the properties of the oxycelluloses, it was found that the length of this initial plateau is connected with the solubility of the oxycellulose employed, i.e. with its degradability Figure 2. Sorption isotherms of Fe 2+ ions in the ferroin form onto suspensions of oxycelluloses and cellulose in distilled water at 21 ± 1ºC. Data points relate to the following samples: -, sample 1; ᭛, sample 2; ᭜, sample 3; , sample 4; ؉, sample 5; ᭝, sample 6; , sample 7; ᮀ, linters. (Milichovsky et al. 2007) . As a rough guide, the greater the solubility of the oxycellulose, the longer the length of this plateau. The situation is more complicated than this, however. It is evident that the initial phase of the adsorption isotherm has nothing in common with the overall adsorption process, but is prompted by the reaction of the soluble forms of oxycellulose with the sorbing substances -Fe 2+ ions in the ferroin form in this case -as these forms tend to have the highest affinity towards the active sites on the oxycellulose molecules. Logically, molecules and supramolecular soluble structures (hydrogel micro-particles) with a high content of -COOH groups should exhibit the highest affinity towards Fe 2+ ions, the high content of -COOH groups being responsible for the ready solubility of such structures.
The behaviour of samples 3 and 4 is worthy of note. Although they were of the same type and composition (see Table 1 ), having a comparable content of free GluA, X GluA , sample 4 possessed a somewhat higher degree of polydispersity for the PAGA molecules, P DP , and a lower -COOH group content in PAGA, X DS , leading to a marked decrease in its solubility. This fact is reflected in the different course of its adsorption isotherm relative to that of sample 3 -a marked decrease in the length of the initial plateau, followed by an increase in the slope of the adsorption section of its isotherm. Nevertheless, the adsorption capacities of the two samples remained approximately the same. It is evident that the smaller slope of the adsorption isotherm for sample 3 was caused by washing out the major proportion of PAGA which exhibited a high affinity towards Fe 2+ cations. This did not occur to such an extent with sample 4 because of its increased polydispersity, caused by the presence of less soluble high-molecular fractions of PAGA with a lower content of -COOH groups.
The adsorption capacity of oxycelluloses increases with increasing -COOH group content. This is why pure cellulose in the form of initial linters exhibited the smallest adsorption capacity. However, marked differences are evident. Paradoxically, the highest adsorption capacity was not attained by sample 1 which had the highest content of -COOH groups (up to 19.1%), but by sample 2 (with 18.2% -COOH groups) which was also characterized by having the highest relative solubility (sample 1 possessed the lowest solubility). The high adsorption capacity of sample 2 was also accompanied by the highest content of destabilizing components, such as GA-PAGA and free glucuronic acid, GluA, a relatively high degree of polymerization, DP, as well as by the highest polydispersity, P DP , and a relatively low content of -COOH groups in PAGA, X DS .
The reasons for this behaviour must be associated with the high degree of polymerization and the higher polydispersity. Dissolution of a large proportion of the low-molecular portions of PAGA, especially GluA, probably led to a further increase in the microporosity of the oxycellulose fibres on leaching (yielding a spongy structure), followed by an increase in accessibility of Fe 2+ cations to active sorptive centres with a high affinity towards such cations. The increased solubility of sample 2, associated with its high content of low-molecular GluA, which is readily released from the fibrous oxycellulose hydrogel, is reflected in the prolonged initial plateau in its adsorption isotherm relative to the plateau of sample 1 which was much less soluble.
Sample 5 exhibited the longest initial plateau of all the adsorption isotherms, being only slightly smaller than that of the initial cellulose (as represented by linters), with the smallest being exhibited by the celluloses prepared from sulphite-bleached coniferous pulp which had a relatively small solubility.
Adsorption of Ca 2+ ions onto oxycelluloses in distilled water
The results of such adsorption studies are presented in Figure 3 . The adsorption isotherms obtained exhibited classical Langmuirian behaviour. The adsorption capacities of these celluloses towards Ca 2+ ions were ca. two-orders in magnitude less than for ferroin. This was most probably due to the positive influence of phenanthroline on the sorption behaviour of Fe 2+ ions.
Adsorption of Cd 2+ ions onto oxycelluloses in distilled water
The results are presented in Figure 4 . The adsorption capacities of the celluloses were again lower than in the case of ferroin, but greater (approximately two-times) than those in the case of Ca 2+ ions. However, in contrast to the situation with Ca 2+ ions, marked differences are evident between the oxycelluloses and cellulose itself, with the sorption capacities of the oxycelluloses being substantially higher.
Adsorption of Fe 2+ ions in admixture with other substances onto oxycelluloses
This behaviour was studied using a model solution containing NaCl, MgCl 2 and Fe 2+ ions in the ferroin form. The results of the corresponding isotherms for competitive adsorption onto oxycelluloses and cellulose are presented in Figure 5 . As predicted by theory (see above), the typical feature of all the isotherms is that they did not commence at zero equilibrium metal ion concentration in the supernatant, but were all shifted markedly towards higher concentrations. However, in all cases, greater adsorption occurred (ca. twice as great) relative to the situation with distilled water (cf. Figure 2) . This behaviour indicates, firstly, that the sorption capacities of the oxycelluloses increased when in contact with an aqueous solution containing a mixture of competitive ions and, secondly, that a considerable amount of Fe 2+ ions remained in solution. To obtain a better insight into this phenomenon, Figures 6-8 show a comparison of the behaviour of some selected oxycelluloses and of cellulose itself. As described in the theoretical section above, this behaviour is a general phenomenon of sorption processes when competition ] (mmol/g) Figure 3 . Sorption isotherms of Ca 2+ ions onto suspensions of oxycelluloses and cellulose in distilled water at 21 ± 1 o C. Data points relate to the following samples: ᭜, sample 1; ᮀ, sample 2; , sample 3; ᭛, sample 4; ᭝, sample 5; -, sample 6; ؋, sample 7; ؉, linters. ] (mmol/g) Figure 4 . Sorption isotherms of Cd 2+ ions onto suspensions of oxycelluloses and cellulose in distilled water at 21 ± 1 o C. Data points relate to the following samples: ᭜, sample 1; ᮀ, sample 2; , sample 3; ᭛, sample 4; ᭝, sample 5; -, sample 6; ؋, sample 7; ؉, linters. with other ions is involved. However, surprisingly, the behaviour of the ions studied in the present work also supports the assumption that increased adsorption is predominantly associated with an increased adsorption capacity -most probably by analogy with the situation for superficial aggregation (flocculation) which is increased by the presence of foreign substances (Milichovský and Češek 2002 Figure 9 . Sorption isotherms for Ca 2+ ions onto oxycelluloses and cellulose from the competitive environment of NaCl/MgCl 2 /FeSO 4 at 21 ± 1 o C. Data points correspond to the following: ؉, sample 1; -, sample 2; ᭡, sample 3; ؋, sample 4; ᭜, sample 5; ᭜, sample 6; , sample 7; ᮀ, linters.
Adsorption of
Again, a typical feature of all the isotherms is the marked shift of the start towards higher concentrations of Ca 2+ ions in the supernatant, although higher adsorption effects (ca. 10-times greater) were attained in comparison to distilled water (cf. Figure 3) . This means that the sorption capacity of cellulose, and particularly those of oxycelluloses, increased towards other common ] (mmol/g) Figure 10 . Sorption isotherms for Ca 2+ ions onto oxycelluloses and cellulose from the competitive environment of NaCl/MgCl 2 /ferroin at 21 ± 1 o C. Data points correspond to the following samples: -, sample 1; ᭛, sample 2; ᭜, sample 3; , sample 4; ؉, sample 5; ᭝, sample 6; , sample 7; ᮀ, linters. ] (mmol/g) Figure 11 . Comparison of the sorption isotherms for Ca 2+ ions onto oxycellulose sample 4 at 21 ± 1 o C from distilled water (᭛), from a competitive environment with FeSO 4 (ᮀ) and from a competitive environment with ferroin (᭝).
ions in the admixture, with a considerable amount of Ca 2+ ions remaining in solution. To provide a better view of this phenomenon, a comparison of the behaviour of selected oxycelluloses and cellulose is given in Figures 10 and 11 . When the adsorption of both forms of Fe 2+ ions from a competitive aqueous environment is compared (see Figure 11) , it is seen that the threshold Ca 2+ ion concentration which triggers the adsorption of this ion is higher for Fe 2+ ions in the form of ferroin although the adsorption capacity is the same.
Apparently, the typical shape of the adsorption isotherms seems to be a general reflection of the sorption processes occurring in the competitive environment of other ions. The ions examined in this study support adsorption -most probably by analogy with the phenomenon of superficial aggregation (flocculation) (Salioba et al. 2002) . This phenomenon appears to be induced by the presence of foreign substances.
CONCLUSIONS
The exceptional adsorption capacity of oxycellulose towards metal ions, particularly Cd 2+ ions, was confirmed. The adsorption capacities of oxycelluloses increase in line with their -COOH group content. This is why pure cellulose (as represented by initial linters) exhibited the smallest adsorption capacity. However, the adsorption processes are more complicated and are influenced by:
-the solubility of oxycellulose and the nature of the components released into the supernatant; -the presence of other competitive substances and ions in the aqueous solution.
Dissolution of a considerable proportion of the low-molecular forms of PAGA, especially of GluA, leads to an adsorption isotherm which exhibits a prolonged initial plateau. In fact, the initial stages of the adsorption isotherms obtained were defined by a complex variety of factors connected with the composition, structure and characteristics of both cellulose and the oxycelluloses. The length of the initial plateau of the adsorption isotherm was smallest in oxycelluloses prepared from sulphite-bleached coniferous pulp and with the initial cellulose as represented by linters.
The adsorption capacities of the oxycelluloses increased with increasing -COOH group content. This is why pure cellulose in the form of initial linters exhibited the smallest adsorption capacity. However, marked differences were observed. Paradoxically, the highest adsorption capacity was not exhibited by the oxycellulose with the highest content of -COOH groups (19.1%, but with the smallest solubility), but by the oxycellulose with 18.2% of -COOH groups, also characterized by a relatively high solubility. This oxycellulose possessed the highest content of destabilizing components such as GA-PAGA and free glucuronic acid, GluA, a high degree of polymerization, DP, the highest polydispersity for the degree of polymerization, P DP , and a relatively low content of -COOH groups in PAGA, X DS .
In the presence of other competitive ions in the aqueous solution -the ferroin form in the case of Fe 2+ ions -a further shift of the adsorption isotherm towards higher equilibrium concentrations was induced. However, in contrast to the predictions of theory, the adsorption capacity increased quite distinctly. Apparently, the ions examined in the present study supported adsorption. Most probably, by analogy with superficial aggregation (flocculation), this extraordinary increase in the adsorption capacity was induced by the presence of foreign substances.
